Legionella pneumophila, the causative agent of Legionnaires' disease and Pontiac fever, is known to produce a cytopathic effect on macrophages. The capacity of extracellular L. pneumophila to mediate toxicity for guinea pig peritoneal macrophages and J774 mouse macrophages was assessed. Extracellular organisms were found to be capable of mediating toxicity; however, toxic activity appeared to require close proximity with the mononuclear cell surface. Serogroup 1 strains grown on supplemented Mueller-Hinton agar exhibited variable expression of toxic activity. One strain positive on supplemented Mueller-Hinton agar was cytotoxic and unable to replicate in J774 macrophages but remained virulent for guinea pigs at high doses.
here. Unstimulated guinea pig peritoneal macrophages and J774 mouse macrophages were maintained as described previously (9) . Briefly, resident peritoneal macrophages were harvested from outbred guinea pigs by peritoneal lavage and cultured in monolayers. The J774 cell line was a gift from Mary Wilson, Department of Internal Medicine, University of Iowa, and was maintained in monolayer culture. The origin of the J774 cell line has been described previously (14) .
During previous (unpublished) experiments in our laboratory, virulent Philadelphia 2 strain organisms were opsonized with specific antibody and coincubated with guinea pig peritoneal macrophages for up to 6 h at a relatively high multiplicity of infection (bacterium-to-macrophage ratio, 1,000:1). Under these conditions, very few, if any, organisms were detected intracellularly by transmission electron microscopy; however, the majority of the macrophage monolayer was destroyed. This initial observation led to the hypothesis that an intracellular environment is not required for induction of cytotoxic activity by L. pneumophila. In the present study, to test this hypothesis, guinea pig peritoneal macrophages and J774 mouse macrophages were treated with the microfilament inhibitor cytochalasin D to block phagocytosis, and then the ability of extracellular L. pneumniophila to induce cytotoxicity was assessed.
Mononuclear cells were washed two times with antibiotic-free tissue culture medium (RPMI 1640) containing 20% heatinactivated fetal calf serum and cultured in antibiotic-free medium for a minimum of 1 h before use. One set of mononuclear cells was treated with cytochalasin D (1 ,ug/ml; Sigma Chemical Co., St. Louis, Mo.) for a minimum of 1 h before addition of the bacteria. Confocal microscopy (not shown) was carried out with the J774 cell line to ensure that treatment with cytochalasin D effectively inhibited phagocytosis. In addition, a previous study has shown that cytochalasin D at I pg/ml effectively inhibits phagocytosis of L. pneumophila by guinea pig and rat alveolar macrophages (4 (Table 1) . Since cytotoxic activity in the presence of cytochalasin D was significantly enhanced by treating the organisms with opsonizing antibody, suggesting a requirement for contact with the macrophage surface, unopsonized organisms and mononuclear cells were coincubated in tissue culture medium on opposite sides of a permeable membrane to confirm that physical separation would inhibit toxicity. This separation was achieved through the addition of Millicell-HA culture plate inserts (Millipore, Inc., Bedford, Mass.) containing 0.45-R1m-pore-size mixed cellulose ester membranes to wells of a 24-well tissue culture plate which had been seeded with 3 x 104 J774 macrophages. The level of tissue culture medium in the wells was maintained below the level of the top of the Millicell insert to prevent direct mixing of organisms with macrophages.
However, the 0.45-pLm-pore-size membrane allowed free Since strain 474-39 fully retained its ability to produce toxicity following passage on SMH agar, these SMH agarpositive organisms were examined for two other important virulence characteristics, lethality for guinea pigs and replication within macrophages. For the guinea pig experiments, male Hartley strain guinea pigs, weighing 400 to 500 g, were obtained from Sasco, Inc., Omaha, Nebr. A dose of 109 CFU of the SMH agar-positive strain 474-39 (suspended in KPBS) was injected intraperitoneally into each of four animals. In addition, four guinea pigs were challenged with 107 CFU (a dose 1 to 2 logs greater than the usual 50% lethal dose for virulent L. pneumophila strains). The results are given in Table  3 . Those animals receiving 109 organisms died rapidly (mean time to death, approximately 6 h). This rapid onset of death is in contrast to what is typically observed when guinea pigs are challenged with CYE agar-grown Philadelphia 2 organisms (2) as well as other virulent strains. Normally, death is observed in 2 to 3 days after specific signs of illness, including weight loss, watery eyes, and ruffled fur (2), occur. The test animals receiving 107 CFU of SMH agar-positive strain 474-39 organisms exhibited no signs of illness and remained healthy. SMH agar-cultured (avirulent) Philadelphia 2 organisms do not induce illness in guinea pigs when given at doses as high as 10"' CFU (2) . When strain 474-39 was grown on CYE agar to maintain its virulence, guinea pigs injected with either 107 or 109 organisms died within 2 to 3 days and exhibited symptoms typically associated with legionella infections.
The capacity of SMH agar-positive strain 474-39 organisms to replicate within macrophages was then assessed. The J774 mouse macrophage cell line was utilized for these assays. Macrophages were washed three times with antibiotic-free tissue culture medium and cultured in antibiotic-free medium containing 20% heat-inactivated fetal calf serum for a minimum of I h before use. Forty-eight-hour cultures of L. pneumophila were suspended in KPBS and opsonized with heat-inactivated polyclonal antiserum for 30 min at 37°C before addition to the monolayers. Organisms were added to the macrophages at a ratio of 10:1 and incubated in a humidified atmosphere of 5% CO2 without agitation. The monolayers were not washed after infection. The culture supernatants were sampled daily by removing a 100-p.l portion, and the CFU of L. pnemnophila per ml of tissue culture medium was determined by serial dilution and plating, in duplicate, on CYE agar. Since L. pneumophlila is unable to replicate in standard tissue culture medium, any increase in CFU in the medium is the result of intracellular multiplication. As shown in Fig. 1 , no increase in CFU was observed for strain 474-39 organisms passaged on SMH agar, indicating that these organisms were unable to replicate within the J774 cells. Virulent Philadelphia 2 and CYE agar-passaged 474-39 cultures were included as controls to demonstrate that J774 cells are indeed able to support the growth of L. pneumophila. For these CYE agarpassaged strains, a 1.4-log increase in CFU was observed over 4 days of coincubation.
In the animal experiments described above with strain 474-39, the rapid onset of death and dependence on a relatively large dose of organisms suggest ihat death was more likely the result of toxicity than of an infectious process. The specific toxin responsible 'for the cytotoxic effects observed in these experiments has not been identified. A metalloprotease that is cytotoxic for Chinese hamster ovary cells has been described previously (11, 13) . However, recent studies (16) have shown that the metalloprotease is not required for intracellular survival or cytotoxicity! for HL-60; cells. In addition, a metalloprotease-deficient mutant is fully cytotoxic for J774 macrophages (data not shown). Friedman et al. (6) reported the isolation of a low-molecular-weight toxin that was cytotoxic for Chinese hamster ovary' cells, and Hedlund (8) reported the isolation of d low-molecular-weight toxin that was active against mouse macrophages. (19) have shown that endotoxin isolated from L. pneumophila has relatively low toxicity compared with endotoxin isolated from other gram-negative bacteria. Additional studies will be required to determine whether the macrophage toxicity observed in the current studies is associated with any of the previously reported toxins.
To our knowledge, this is the first report demonstrating that cytotoxicity may occur in the absence of intracellular replication. In addition, the ability of an L. pneumophila strain to produce illness in guinea pigs in the absence of the ability to replicate within macrophages has not been described previously. Future research on the pathogenesis of this organism must consider the extracellular activities of this organism in addition to its capacity for intracellular survival.
Finally, this study has demonstrated the utility of the J774 mouse macrophage cell line for studying the cytopathic effect of L. pneumophila on macrophages. J774 cells are known to exhibit the adherent, cytologic, and phagocytic properties of peritoneal macrophages (14) , and since these cells are able to support the growth of L. pneumophila, they may also be useful in future studies concerning mechanisms of intracellular survival. Additional experiments are needed to compare the efficiency of growth and the survival in these cells with those characteristics of the established human cell lines. The expense and difficulty of obtaining large numbers of primary macrophages often demand that suitable cell lines be identified and utilized, and it is expected that the J774 cells will continue to be a useful tool in Legionella research.
